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Mycobacterium tuberculosis causes widespread human tuberculosis

TB emerged ~70,000 years ago, was sporadic until 18th century epidemic

) Became widespread in Industrial Revolution due to crowding/poor
Introduction  conditions

Incidence declined in 20th century in developed nations with better
conditions

Incidence increased again in 1980s due to HIV, urban health issues, antibiotic
resistance



Introduction

&%\& More than 10 million people continue to fall ill with TB every year

/x/&;%{, 5.8M men, 3.5M women, 1.3M children

GLOBAL
TUBERCULOSIS
REPORT
2023

,\f&ﬁ ¥ 1 ,The human pathogen evolved complex immune evasion strategies from
‘ ~ environmental ancestors

https://www.who.int/teams/global-tuberculosis-programme/tb-reports




i '~ Tuberculosis M. Pinnipedii
(/1 Genetically closely related group of |

~ bacteria causing tuberculosis across a
wide range of hosts

—-"l
Rod-shaped, acid-fast, aerobic, and slow- |
growing intracellular pathogens
I

/. Subvert and escape the host immune
. system by disrupting phagosomal cells




Table 1

M T B C Overview of the members of Mycobacterium tuberculosis complex (MTBC) with
their basic characteristics (Forrellad et al., 2013; Pfyffer, 2015).

MTBC species General Descriptions

M. tuberculosis - Most familiar species.
- Infecting greater than 1/3 of the world’s human
population.
- Able to infect animals that are in contact with humans.
M. canettii and - Close relation with M. tuberculosis.
M. africanum
- Can also cause human tuberculosis.
- Generally isolated from African patients.
M. bovis - Displays the widest spectrum of host infection.
- Affecting domestic or wild goats, bovines and humans.
M. bovis var BCG - A laboratory-selected mutant form of M. bovis.
- Sole vaccine used for TB prevention during early
childhood.
M. caprae - Isolated only from goats.
M. microti - Pathogen from rodents.
- Isolated from voles usually (rodents from genus Microtus
or related genera).
- Can lead to disease especially in immunocompromised
human patients.
M. pinnipedii - Infects seals.
*M. mungi - The causative agent of tuberculosis in banded mongoose
(Mungo Mungo).
“M. orygis - Affects bigger mammals, such as waterbucks, antelopes,
oryxes and gazelles on the African continent.

https://doi.org/10.1016/j.micres.2020.126674










M. tuberculosis
infection
1

\ Spontaneous healing

2

Acute tuberculosis

Reactivation
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Exposure to infectious droplet nuclei
containing M. tuberculosis

Protective Immune Responses
(Macrophages, granuloma and IFN-y by CD4* T cells)

Primary Tuberculosis Infection ‘/ /\ \ \/

Weak protective immune responses Robust protective immune responses
A

— v
Restriction of initial mycobacteria growth /

sl e

Uncontrolled mycobacteria growth , Mycobacteria growth arrested Mycobacteria growth arrested

, with some bacilli persist and and eliminated
stay dormant for many years
.

—_—

Active Tuberculosis Infection h - ’ :
(Non-necrotizing granuloma/Caseous granuloma) Pat oge n e s Is Of ot Hinovemosh ljer ion

,/Wdinicalspectrum Human TUberCUIOSiS (TB) ’/—/\‘

Host Immune Persistent host
Meningitis response immune responses

Disseminated TB compromised
Miliary tuberculosis »/_/
Extrapulmonary granulomas Resolution of latent infection

5. (Restrictive granuloma)
Reactivation

Post-Primary Tuberculosis Infection
(Post-primary granuloma)

R tactlon wlth i ibavelosts ___-—/ https://doi.org/10.1016/j.micres.2020.126674
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Obstacles and challenges in global TB control

 Social/Health Challenges







Obstacles and challenges in global TB control

MLST: Multilocus sequence typing
NGS: Next-generation sequencing

WGS: Whole-genome sequencing
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Cause disease to

/ Withoutany | 4__ ¢ransmit between
Human-adapted environmental or indiviudals

MTBC is unique ‘ animal reservoir
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How did the MTBC evolve to become such a successful pathogen?







Wyoming, USA Egypt
MTBC strain isolated from Extensive archaeological and molecular evidence

Bison metacarpal remains of widespread human MTBC in mummies

Germany India Greece
Hominid Evidence of Pott’s disease Literary descriptions | | Literary descriptions of
tuberculosis M. tuberculosis and isolation of MTEC DNA from Vedic writings tuberculosis-like disease

Fopulation
expansion
I

~2.5 MYA? ~70,000 67,000 35,000 15,000 7,000 5,000 4,000 3,400 2,700 2,000 400 460 1200 1490 1700

|
Qut of Africa World trade|

Haifa, lzsra=1 China Peru

Modern M. tuberculosis Evidence of MTBC Molecular evidence of
isolated from remains in human remains MTEBC in pre-Columbian
of a woman and a child mummified human remains

Italy Britain
Evidence of Pott's disease Evidence of Pott's disease and molecular
in human remains confirmation of MTBC in human skeleton

doi:10.1038/nrg3664
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@ Before Ap 1200

doi:10.1038/nrg3664
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b After ap 1200

doi:10.1038/nrg3664
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———ccccmcmccccm - M. canettii

1

Chimpanzee
bacillus M. mungi
M. suricattae

ol 16 Dassie bacillus
— M. pinnipedii

== Ancient Peruvian human remains’

1 L
== M. microti

1

1
= M. caprae

——mesn M. bovis

doi:10.1038/nrmicro.2018.8
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M. orygis




(The ecology|of the human-adapted MTBC }

(1 Generalists

Occupying many (1 | Specialists
different

ecological niches Narrow niche
that corresponds

/ to their specific
host population
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From an environmental organism to a
professional pathogen




Did protozoa ‘teach’ mycobacteria to become virulent?

TRENDS in Microbioiogy

doi:10.1016/j.tim.2008.04.005




(9
» Controlled fire use by early humans may have
contributed to the evolution of TB transmission

O Infection from environmental source Time
® |nfection from host transmission
: Chain of transmission

Controlled fire use

P cultural evolution
» lung damage

Emerg_ence

Nonhuman primates

https://dx.doi.org/10.1073%2Fpnas.1603224113
24




v What were the genetic changes that enabled the transition of the
MTB ancestor to a professional pathogen?

(a) Common ancestor of
slow-growing mycobacteria
1

[ HGT shared by pathogenic mycobacteria

« Genome downsizing through

deletion of genes.

M. marinum | | M. kansasii M. tuberculosis
~ 6.4 Mb ~ 6.4 Mb ~4.4Mb

- Acquisition of new genes e -l T
through  horizontal gene ' ‘ |

§ [ Gene acquisition via HGT | §
transfer (HGT). ey §

doi:10.1016/.tim.2010.12.008
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ENVIRONMENT

Demography v’ migrations Socio-economic factors
v globalization v’ poor housing
v human density ¥ poverty
v Urbanization
v Weak health system
v lifestyle

Crowding, smoking, Risk
Silicosis, malnutrition, isk factors

HUMAN HOST diabetes, HIV

Genetic and epigenetic factors

\\/ susceptibility or protective factors
TUBERCULOSIS

Strai
Host-Th/pathogens interactions variability

PATHOGEN(S)

D0i:10.1016/j.tube.2015.02.016




The host—pathogen interaction

Lymphocyte

Host stress and . M. tuberculosis
s (.u = lipid catabolism

Y

propionate stres

M. tuberculosis
~ \lipid production

Foamy
macrophages

Macrophage

doi:10.1038/nrg3664
28




Impact of HIV on the evolution of the MTBC

-

« HIV weakens the immune system, leading to more TB cases worldwide
 Provides more opportunities for genetic variation and evolution

Selective pressure for drug resistance

» Challenging treatment of HIV-associated TB due to drug interactions and prolonged
regimens

« Emergence and spread of drug-resistant MTBC strains




Impact of HIV on the evolution of the MTBC
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Impact of HIV on the evolution of the MTBC

) ) Between-host environment Within-host environment
Three studies have been published
on the subject

0 Duration of infectiousness ———> | New infection

1. HIV co-infection had no effect on / \

the mutation rate. R ey *Bcellrs‘
HIV co-infection had no effecton ¥ Coughing . e . |
the overall population structure of

T Disease progression
the MTB.
More mutations whit T cells, \
implies T cell immunity drivies

MTBC diversity. l Cavitation «=——— | Granulomas

do0i:10.1038/nrmicro.2018.8
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% Human genetic susceptibility to
/ tuberculosis
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Host Genetic Factors In TBJ

Host genetics, bacterial strains, environment influence TB risk/drug response

é Only ~10% of infected develop active disease, most remain latent

@S Studies link polymorphisms in immune genes to increased TB susceptibility:

@ CCL2. NRAMPL, IRGML, IL-8, TLRs, NOD2

i
@ These alter immunity, conferring genetic predisposition to TB




NRAMP1 Gene and TB Susceptibility >

Expressed in macrophages, lymphocytes, lungs

Encodes divalent metal ion transporter protein

Fe++ transported by NRAMPL1 inhibits MTB growth

Nonfunctional NRAMP1 mutations impair intracellular killing of
MTB by macrophages

Contributes to increased host susceptibility to TB disease




Gene expression profiles differ in macrophages, NK cells
from active TB, latent TB, and healthy controls

R B

-
“

MIRNAs also regulate innate functions of macrophages,
dendritic cells, NK cells

o . T~

Innate Immune response against TB regulated by mIRNAs

‘ MIRNAs regulate T cell differentiation/function

Differential miRNA expression reflects TB disease
progression/activity

Host iRN expression patterns altered by MTB infection




Conclusion

TB remains a
major global
health I1ssue

Deeper
understanding of
pathogenesis,
host-pathogen
Interactions, and
drug resistance
evolution is
crucial

Tracing gene
gains and losses
elucidates the
Intricate
evolutionary
paths of MTB

Exploring
evolutionary
hypotheses can
aid better
prevention and
treatment




Conclusion

HIV/AIDS epidemic increases TB risk,
requires further study

Consider host factors: genetic
susceptibility, microRNA effects on
Immunity

Multidisciplinary efforts combining
molecular studies, epidemiology,
Immunology, etc. are needed for better
understanding and control strategies
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* “It Is not the most Intellectual of the species that survives,it is not the
strongest that survives,but the species that survives Is the one that is
able to adapt and adjust to the changing environment in which it finds
itself.”

Charles Darwin
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